I Introduction
The analysis of labour productivity is an area of great interest to both economists and policy makers. A major focus of this literature is the development of macroeconomic models that reflect contemporary policy issues. In SolowSwan (1956 More recent growth models highlight the gains from international trade. Trade results in economies of scale, a greater competitive discipline (which enhances productivity in both the traded and non-traded goods sectors), and the increased transmission of knowledge and production methods (Krugman 1979 , Romer 1986 , Grossman and Helpman 1991 . Further, Dowrick (1994) finds that increased openness to trade improves productivity growth by separately stimulating investment, employment and technical progress. The dynamic role of human capital in the growth process is emphasized by Lucas (1 988), Romer (1989) and Becker et al. (1 990). In particular, Lucas (1988) shows that human capital accumulation raises investment in both human and fixed capital, and improves productivity.
Current analysis suggests that the form of investment can affect productivity. Empirical research by DeLong and Summers (1991) . Levine and Renelt (1992) and Blomstrom et al. (1996) shows that fixed capital investment is an important determinant of economic zyx growth. Aschauer
(1989). DeLong and Summers (1991). and Otto
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1998. The Economic Society of Australia. ISSN 0013-0249. 1998 CHANGE 1950 ' zyxw 363 and Voss (1996 argue that specific types of investment, such zyxwvut as public infrastructure and machinery and equipment, have a strong association with productivity and growth. In particular, investment in information technology and telecommunications (m) can increase national productivity by reducing transport and transaction costs, improve marketing information, and accelerate the diffusion of knowledge (Greenstein and Spiller 1995, Karanaratne 1995) .
zyxwvutsrqponm SOURCES OF AUSTRALIAN UBOUR PRODU(JT1VITY
The Solow-Swan modelling approach is most useful in explaining productivity movements from 1945 to 1973, when Australia enjoyed a period of sustained economic growth. Occasional supplyside shocks emanated from the primary sector, but generally growth was uniform and unemployment low. Economic policy focused on expanding the labour supply, through migration, and facilitating capital inflow. Monetary and fiscal policy maintained price stability and full employment, while direct controls on imports maintained external balance (Maddock 1987) .
Since 1974. growth in Australian gross domestic product (GDP) has slowed. The initial decline in performance coincided with the world downturn following the 1973 oil price shock, increased labour costs and a decline in the ,international competitiveness of traditional markets (Pagan 1987 To examine the evolution of aggregate output a production function is specified based on the supply side approach of Aschauer (1989) and Romer (1989) . The general model is given by:
where Y is aggregate output, L is labour, K is fixed capital, H is human capital, and zyx l7T is f7T capital.
In the spirit of Dowrick (1994) , the model is used to examine labour productivity and so the explanation is augmented by including variables to capture Australian openness to trade and international competitiveness: where A denotes the first-difference operator, p,, are the estimated short-term effects, zyxwvu r is the number of cointegrating relationships, 6, are the estimated coefficients for the lagged error correction tem(s), ai is a vector of cointegnting coefficients, is the transpose operator, X equals [WKIL),. ln(HIL), In(lTTIL),. In(TIL), In(lC),], and v, is a white-noise error term. The error correction terms are formed from the cointegnting residuals and 6i measures how changes in In(YIL),. In(KIL),, ln(HIL), In(IlTlL), In(TIL), and In(lC), respond to departures from the long-run equilibrium. Short-run convergence to equilibrium is assured when ai is both negative and significant.
Since the fmt-differenced variables and the error correction terms are stationary, ordinary least squares (OLS) will be consistent and provide unbiased estimates of standard errors.
Annual data for Y, (GDP at 1990 constant prices). K, (gross fixed capital stock at 1990 constant prices), L, (labour force), HI (tertiary student enrolment), zyxwv 17Tt (telephones), TI (exports plus imports at 1990 constant prices) and IC, (ratio of export to import prices at 1990 prices) are obtained from Foster (1996 of this measure assumes that all human capital formation takes place in the tertiary sector. It is ITU practice to count telephones, and main telephone lines per capita, as measures of I n infrastructure and network development. This proxy is adequate for this study as most Australian telecommunications investment prior to the early 1990s was directed at expanding basic telephony rather than rolling out broadband, cellular, and satellite networks. The proxy for openness is based on total trade and is similar to that used by Dowrick ( 1994) except that trade is deflated by worker, not GDP. International competitiveness refers to the ability of a country to expand its market share in global markets. The ratio of export to import prices is used to measure international competitiveness as Australian exports are predominantly primary goods and are relatively sensitive to shifts in the terms of trade.2
Plots of these data are provided in Figure 1 through Figure 6 . Maddock and McLean (1987) and Blundcll-Wignall (1993) document numerous events in Australia's post-1950 economic history which can be viewed as potential exogenous break points in these data. They include the substantial A common question asked by econometricians when using proxy variables is whether or not to include or omit the variable. While McCallum (1972) and Wickens (1972) show that the bias is worse if the proxy is omitted (even if it is a poor proxy), their 'reductionin-bias' conclusion is subject to many qualifications. In particular. the reduction-in-bias will not hold if the number of proxy variables in the model is greater than one. Since proxies for human and 
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where Z is the variable under examination, t is a deterministic time trend, k , , is the maximum lag length chosen a prior; for the lagged differenced variable, and el is a white-noise error term. Under the null hypothesis of a unit root. Ho: p = 0, the series Z, is non-stationary. Two critical assumptions are maintained in the estimation of (4); the logarithmic transformation is correct and there are no structural breaks in the trend function. Granger and Hallman (1991) and Frances and McAIeer (1997) 
(5)
The following approach is adopted when testing for a single unit root and a nonlinear transformation. First, i is determined by estimating the ADF for a sufficiently long lag length to eliminate serial correlation, and presuming In Z, is the correct tran~formation.~ Second, for a given i, the significance of A in the MADF regression is tested.
Should the additional variable be statistically significant, the ADF regression is inappropriately transformed and does not yield a valid inference in testing for a single unit root in In Z,
Initially, ADF and MADF regression equations are estimated for In(YIL),. In(KIL),. In(HIL),, In(l7TIL),. In(TIL), and In(lCj, over the period 1950 to 1994. The ADF and MADF test statistics, with and without trend, are clearly different and exclusion of the deterministic trend suggests bias due to the omission of relevant variables. Thus, ADF and MADF regression results with trend are reported in Table 1 .
The results in Table 1 do not reject the null hypothesis )c=O for any of the time series, indicating that the natural logarithmic transformation is appropriate when testing for a single unit root. The ADF statistics show that the null hypothesis of a unit root cannot be rejected for In(Y/LJ,, In(K/ Ljl, In(H/L), and In(ll'TILj,. However, the unit root hypothesis is rejected for both In(TlL), and In(lC), and the variables are presumed integrated of order zero. Perron (1989) suggests that widespread evidence of unit roots in many long-run macroeconomic time series may be due to structural change in their deterministic trend function. The omission of structural change variables from the ADF auxiliary equation can bias the ADF test statistic and lead to incorrect inference. Perron considers ADF equations that allow three types of structural change to occur in the trend function: is chosen D prior; to be six and the lag structure is sequentially reduced so that the last lagged differenced term is statistically significant and the error terms are not serially correlated. As the sample consists of annual data, the Lagrange Multiplier test for firstorder serial correlation is appropriate. CHANGE 1950 CHANGE -1994 The results from estimating (6). (7) and (8) with structural change at 1973 are reported in Table 2 through Table 4 . Table 4 indicates that the unit root hypothesis can be overturned for In(HIL),, that is. In(H/L), is stationary around a deterministic trend with a joint crash and trend change in Zivot and Andrews (1992) argue that Perron's choice of exogenous trend breaks are based on prior observation and maybe subject to problems with 'pretesting'. They suggest many trend breaks are not exogenous but are realizations of the data-generating process. For instance, the growth slow-down following the 1973 oil crisis. could be interpreted as a shock, or a combination of shocks, from the underlying errors. This interpretation implies that breaks in trend can be adequately modelled through the error process. Alternatively, Zivot and Andrews (1992) recognize that any number of events could be viewed ex anre as possible structural breakpoints and propose unit root tests whereby breakpoints are data determined. However, this 'endogenous test' is somewhat limited because of its low power against trend stationary alternatives.
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An anonymous referee suggested the extension of the Fmces-McAleer procedure to the Perron test for structural breaks. rithmic transformation. P
1973.6
Estimation results with structural change at 1983 are reported in Table A1 through Table A3 of the Appendix. There is no evidence to support structural change in the trend function in 1983. AT + e, iIn(y/u,-I -01 I X*~-~I
N Estimation
where xi. are the estimated short-run effects, 'defines the de-trended series, ei are the coefficients for the lagged error correction terms, ai is a vector of cointegnting coefficients, X* = [In(K/ L)t, lnfflT/L)t], and E, is a white-noise error term. Equation (9) is estimated for the period 1950 to 1994 and regression results reported in Table 6 . The econometric model is well specified, satisfying a range of diagnostic tests for model ade- Estimated short-and long-run elasticities are presented in Table 7 . All estimates are inelastic.
The impact of fixed capital, zyx I'IT capital and openness are similar and dominate the short-run explanation of labour productivity.
Labour productivity elasticities with respect to fixed capital, I'IT capital and openness arc 0.197. 0.264, and 0.21 1 respectively. The remaining significant short-run source of productivity growth is international competitiveness which has an elasticity -0.0599 These significant findings for 9 The measure of international competitiveness employed here is the ratio of export to import prices. We recognize that prices could change nominally and work through the exchange rate. Accordingly we re- Tests for cointegration show the existence of a cointegnting relationship between the difference stationary variables, labour productivity, fixed capital and ITT capital. An error correction model is estimated incorporating the short-run dynamics of the system with the information from the cointegrating relationship. The model is well specified and the coefficients are used to estimate labour productivity elasticities for both the short and long run. All short-run elasticities have the anticipated signs and all are significant determinants of productivity, except for human capital. This result is not entirely unexpected. The proxy used is not the preferred measure as it does not include human capital augmentation through on-the-job training, and that obtained from post graduate study.
The strong positive relationship between fixed capital and labour productivity suggests that investment is a key source of long-run productivity growth. The importance of investment, and policies that promote it, is reflected in recent Australian policy settings. These include the low inflation focus of monetary policy, structural adjustment in the 1996/97 Commonwealth budget, the Superannuation Guarantee Charge and increased emphasis on public infrastructure investment (particularly through the One Nation 370 ECONOMIC RECORD DECEMBER zy 
policy statement). Sectoral investment in zyxwvu ITT
infrastructure is also an important source of labour productivity performance. This is not surprising as reform of the IlT sector has been at the forefront of the microeconomic reform agenda since the Beazley Report (1990) . The estimated elasticities suggest that impact of this investment occurs mostly in the short run. Expansion of the telephone networks leads to increased traffic, and as such, has an immediate impact on labour productivity.
The period of study has Seen major changes in the composition and direction of Australian trade. Trade policy has concentrated on the reversal of a protectionist stance and the development of an outward orientation through economic integration.
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